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NEWPORT 

METHOD FOR T ESTING QHRELIN RELEASE 
Flqld of the InvenlAon 

Th9 present invention relates to tho use of a cell line, 
5 preferably RP-1 or RF-48, derived from a human ^astrlo 
adenocarcinoma of human caecum, to laeasure regulation of 
expression and/or secretion of a peptide called ghrelin. 
• Ghkrelin, the length of which is 28 amino acids , is the ligand 
for the growth hormone receptor » Ghrelin is known to exist in 
10 dt least two forms: 

1) n-octanoyl ghrelin in which the third serine residue is n- 
octanoylated and 2) des-n-ootanoyl ghrelin in which the n- 
octanoyl group is removed. These two forms of ghrelin have 
different physiological functions. 

15 

Baakqxound of the invention 

Although ghrelin has only been identified in 1999 r more than 
200 papers and articles on the substance have already been 
publishedr indicating the importance of this peptide hormone- 
20 Ghrelin is the first identified peripheral hormone signalling 
appetite. People who were given ghrelin increased their 
appetite resulting in up to one third more food intake than 
control subjects. This earned ghrelin the name, the hunger 
hormone'^ . 

25 

In addition to stimulating food intake, ghrelin levels drop 
once an individual starts eating » Consequently^ it is believed 

that ghrelin acts as a trigger to start food intake. 

Purthermore, data have been reported showing that ghrelin 
30 levels do not fall after eating in obese individuals which 

suggests that this trigger is not res$t in such individuals • 
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It has also bean suggested in the past that ghrelin could 
affect our body's internal clock/ thus making ua feel hungry at 
certain times during the dey. 

5 Many people all over the world suffer from disturbances in 
their appetite and, as a consetipience, their food intake. When 
energy intake and energy eaqpenditure are in imbalance, body 
weight changes whiiSh can have severe physiological 
consequences. On one hand there is large and rapidly growing 
10 group of overweight or obese people. In most casas, their 

exceeeive body weight is a consequence of increased food intake 
in combination with decreased energy expenditure. On the other 
hand there is a group of people suffering from decreased 
appetite and low body weight. This can ba due to illnesa such 
15 as cancer or anorexia, but is also observed in many elderly 
people. 

Decreasing the level of ghrelin in an individual could inhibit 
hunger feelings and thereby help people, particularly 
20 overweight or obese people, to decrease their food intake and 
lose weight. In contrast, increasing the level of ghrelin could 
boost appetite and stimulate food intake in ill or old people, 
generally inqproving their health and wellbeing, 

25 The properties and characteriatics of ghrelin oould pave the 
way to the formulation of a drug that either blocks or 
inoreases the level and/or activity of this hormone. 

Modulation of ghrelin levels and/or activity could also be used 
30 as a basis for developing functional ingredients for food 
products that modulate feelings of satiety or appetite in 
humans or animals. 
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Discovery of such drugs or Ingredients would be facilitated by 
an in vitro modeX system that mimics the production pathway of 
ghrelxn. 

5 Ghrelin is mainly produced in the stomach r but it also exists 
in parts of the brain that CQzitrols the appetite. 
Ghrelin has furthermore been shown to ocour in endocrine tumors 
of the human stomach, pancreas r intestine and lungs (G.Rindi et 
al (Histochem Cell Biol- 2002 JOne/ 117(6), 521-5) • Regulation 
10 of the expression, synthesis, and secretion of ghrelin is 
however still largely unknown. 

It is an object of the present invention to find a screening 
method for assessing the effect of test compounds on the level 
15 and activity of ghrelin. 

It is another object of the invention that this screening 
method is simple and reproducible. 

It is a further object of the invention to provide a method for. 
analysing the secretion of both forms of ghrolinr in particular 
20 for examining the endogenous molecules that regulate their 
synthesis and secretion. 

It ie a still further object of the invention to provide a 
method for analysing regulation of ghrelin gene expression. 
It is also an object of the invention that this screening 
26 method can be used for estimating the effect on food intake of 
a variety of test compounds, which were found to suppress or 
stimulate the release of ghrelin in vitro. 

We have now surprisingly found that these objects can be 
30 achieved by a cellular model for studying the level of ghrelin 
production. This model comprises a cell line derived from a 
human gastric adenocarcinoma, which can release ghrelin Vipan 
growth in a suitable medium. 
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Pefinlticin ftg « aie invantAon 

Accordingly, in a firat aspect the present invention provides a 
model to study the (regulation of) expression, synthesis and/or 
5 secretion of ghrelin, comprising in vitro culture of a cell 
line derived from a gastric adenocarcinoma, said cell line 
being capable of producing ghreim, and said model also 
comprising a medium for growing said cell line. The model of 
the invention is particularly useful for. finding compounds 
10 which can modulate appetite in humane. However, the model can 
also be used for screening compounds that can modulate appetite 
in animals, and that could be added to functional pet food or 



feed. 



15 in a second aspact, the present invention provides a method for 
assessing the (regulation of) expression, synthesis and/or 
secretion of ghrelin, wherein a cell line derived from a 
gastric adenocarcinoma and capable of producing ghrelin when 
grown in a suitable medium, is grown in such medium. In the 
20 method Of the invention, the cell line is preferably incubated 
with a test compound, and the effect of the test compound on 
the production of ghrelin is preferably measured. 

in a third aspect, the present invention provides the use of a 
25 cell line derived from a gastric adenocarcinoma that is capable 
of producing ghrelin when grown in a suitable medium, for 
assessing the (regulation of) ghrelin expression, synthesis 
and/or release. 

Detailed d escription of the 

We have found that the cell lines used in the present Invention 
are suitable for measuring expression, synthesis and/or 
secretion of ghrelia. Purthermora. th^ model and method of tho 
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invention appeared to be suitable for screening a large number 
of tdst compounds with regard to their effect on ghrelin 
ea^reesion and/or secretion. This effect can either be a 
stimulating effect or a blocking effect. 
5 It has also been found that the method o£ the invention Is 
suitable for screening simultaneously a number of test 
compounds that are expected to modulate (I.e. stimulate or 
block) ghrelin expression and/or secretion^ at various 
concentrations. Furthermore, application of the method of the 
10 invention can provide an estimation of the effect of various 
test CCTipounds on food intake in humans or animialg thereby 
decreasing the complexity of in vivo feeding trials. 

The method and model of the invention were found to be 
15 particularly suitable for use with a cell line derived from a 
human gastric adenocarcinoma • Preferably, the cell line is 
selected from RF-1 having ATCC number CRL-1864 and RF-48 having- 
ATCC number CRL-1863. 

20 Preferably, the medium for growing the cell line used in the 
present invention is Lelbovitz's Ll5 containing X0% (vol/vol) 
foetal bovine serum and 2 toM L-glutamine, and the cell line is 
desirably grown in said medium at a temperature of 37** C and in 
the absence of CO^. 

25 

The medium for growing the cell line is sf fectively changed at 
least every 4 daysr preferably every 3-4 daysp until cell 
confluence is achieved. Subsequent ly^ the cells are suitably 
grown and plated in 24-well cultures plates whereby each well 
30 may contain Ix 10^ to Sx 10^ cells. The cells could also be 

grown in cultures plates containing different numbers of wells, 
such as 48 wells or 96 wells. 
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Preferably, these platea are stored under the sarae incubation 
conditiisns as those used for growing the cell line. 

In the screening method of the invention, the cells are 
5 subsequently exposed to a variety of test ci^mpounds, whereby 
ghralin release may effectively be measured using an 
immunoassay kit. Preferably, for each treatment with a test 
compound three samplea were prepared, m other words, the 
effect on ghrelin release by each type of teat compound is 
10 desirably measured in triplicate, m order to be able to make 
reliable comparisons it is also desirable to prepare a control 
sample that does not contain any test oon^pound, in triplicate. 

In the screening method of the invention the effect of the test | 
15 compounds on ghrelin release may effectively be meaaured as 

follows. The cultures plates are stored as described above and, 
after 0.5 -3 hours incubation, a sample is taken from each well 
to measure ghrelin release. Each sample is oentrifuged at 1000- 
5000 rpm during 1-10 minutes to remove the cells from the 
20 sample. The supernatant containing the medium, the test 
con5)ound and, additionally, any ghrelin secreted is then 
transferred to a separate tube. The thus-formed supernatant 
samples are suitably frozen, e.g. at -80 "C, for subsequent 
analysis of ghrelin secretion. The supernatant samples may also 
25 not be frozen and directly used in the measuring device. 

Ghrelin release can be suitably measured using an immunoaaaay 
Jcit. This kit may be a commercial enzyme immunoassay -EIA- kit 
(from Phoenix Pharmaceutical, Belmont, California, USA) . 
30 Alternatively, two types of radioactive immunoassay (RIA) kits 

(from Linco Research Inc., Missouri, USA) are available with i 
vrhich either the level of n-octanoyl ghrelin or the total level 
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of ghrelin released (i.e. both forms ^ see above) can be 
meeeured. 

The cells according to the present invention can additionally 
5 be used in a screening method for assessing the effect of test 
compounds on ghrelln gene expression, preferably by means of 
quantitative RT-PCR (Heverse Tranacriptlon -Polymerase Chain 
Reaction) . The cells can furthermore be used to assess 
endogenous molecules that regulate ghrelln expression^ 
10 synthesis or secretion. Finally, the cells of the present 
invention can be used in a method to test the effect of 
compounds that may modulate ghrelin activity. 

Examples 

15 The following compounds were tested with regard to their 
ability to stimulate ghrelin releases 

• Tyr<S03H]27)Cholecy3toklnin fragment 26-33 Amide (referred 
to as CCK) ; and 

• Gastrin I human (referred to as Gastrin) , 

20 

These test compounds ware made as lOOX stock solutions by 
dissolving them in pure ethanol, as a vehicle. The test 
compounds were then diluted 1/100 in the Leibovitz L-15 medium 
containing 0,5% foetal bovine serum (FBS) . 

25 

Since the ejffect caused by these test compounds on ghrelin 
release by a RF-48 call line was tested^ RF-48 cells were grown 
daring incubation at 37 C in Leibovitz'a LIS medium with 2 mM 
L-glutamine and containing 10% (vol/voi) FBS in the absence of 
30 CO^. 
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Aftet cell confluence was obta±ne<i, the cells were plated in 
24-well cultures platea (Ix lo« cells/well) . Several wells were 
subsequently exposed to one of the teat compounds aa prepared 
above. For each type and concentration of test compound tested, 
5 a series of three tests was carried out. 

After 1 hour of incubation of the thus-filled wells containing 
both the cells and the test compound at the same conditions aa 
those applied during growing of the RF-48 cells, a sample was 

10 taken from each well to measure ghrelin release. 

Bach sample was centrifuged at 3000 rpm to remove the cells 
from the sample and the supernatant (containing the ghrelin 
formed as well as the madium and the test compound) was 
transferred to a separate tube. The ghrelin release was 

IB measured using a coitmiercial ensyae immunoassay kit (from 
Phoeniac Pharmaceuticals, Belmont, California, 08A) . 

The results are shown in Figure l, showing the amount of 
ghrelin released from rf-49 cells as a function of the typo and 

20 concentration of the test compound tested. 

In Figure 1, the concentration of the test coinpound is shown in 
micromols per litre (10-« M) and the concentration of the 
ghrelin formed in the tested samples ia shown in nanograms/ml . 
Figure 1 also provides the results of a control experiment, 

25 showing the ghrelin release when no test compound is present in 
the sample containing the RF-48 cells, m addition, the results 
of a second control experiment are provided -indicated as 
^Control +veh" also showing ghrelin release when no test 
compound is present in the sample containing the RP-ae cells 

30 but whereby 1% of pure ethanol has been added to said sample. 
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It aan be clearly noticed that both CCK and Gastrin stimulate 
the release pf ghrelin. It can also be seen that both control 
experiments show similar levels of ghrelln release, which 
clearly Indicates that the ethanol vehicle does not stimulate 
5 cfhrelln release. 
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1. A model for the study of the (regulation of) expression, 
aynthesis and/or secretion of ghrelin, CQmprielng in vitro 
culture Of a cell lina derived from a gastric adenocarcinoma, 
said cell line being capable of producing ghrelin, and said 
model also comprising a medium suitable for growing said cell 
line. 

2. A model according to claim 1, wherein the cell line is 
selected from RF-1 having ATCC number CRL-1B64 and Rr-48 having 
ATCC number CRL-1B63. 

3. A method for assessing the (regulation of) expression, 
synthesis and/or secretion of ghrelin, wherein a cell line 
derived from a gastric adenocarcinoma and capable of producing 
ghrelin when grown in a suitable medium, is grown in such 
medium. 

4. A method according to claim 3, wherein the cell line is 
selected from RF-1 having ATCC number CRL-1864 and RF-.48 having 
ATCC number CRL-iB63. 

5. A method according to claim 3 or 4, wherein the medium is 
Lexbovitz's LIS containing 10% foetal bovine serum and 2 mM L- 
glutaitdne, and wherein the cell line is grown at a temperature 
of 37" C in the absence of C02, 

6. A method according to any of claims 3-5, wherein the medium 
is changed at least every 4 days. 
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7 . A method according to any of claims 3-6, wherein the cell 
line is plated and grown in a culture plate after achieving 
cell confluence, wherein the plate is stored under the same 
incubation conditions as those used for growing the cell line, 
and wherein ghrelin production is measured using an immunoassay 
kit. 

8. Method according to claims 3-6, wherein the cell line is 
used to study ghrelin gene expression, preferably by means of 
quantitative RT-PCR. 

9. A method according to any of claims 3-B, wherein the cell 
line is eacposed to a variety of test compounds. 

10. The use of a cell line derived from a gastric 
adenocarcinoma that is capable of producing ghrelin when grown 
in a suitable medium, for assessing ghrelin secretion in vitro. 

11. The use according to claim 10, wherein the cell line is 
selected from Rr-1 having ATCC number CRL-ia64 and RF-4B having 
ATCC nuniber CRL-1863. 
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The present invention provides a model to study the (regulation 
of) expreaaioDf synthesis snd/or secration of ghirelin in 

humans. Ghrelin is a hormone that signals appetite and 

stimulates food intake. 

The iK>del of this invention comprises the culture of a cell 
line derived from a human gastric adenocarcinoma that is 
capable of producing ghrelin, said model also comprising a 
medium suitable for growing said cell line. The invention also 
provides a method for assessing ghrelin production, wherein a 
cell line derived from a human gastric adenocarcinoma can 
synthesize and secrete ghrelin when grown in a suitable medium. 
This method can be used as screening tool when measuring the 
effect of test con^sounds on the production of ghrelin. Such 
screening tool allows for testing a large nuntoer of confounds 
in order to develop drugs or food ingredients that help to 
control food intake by regulating appetite. 
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